This paper empirically estimates a micro-founded model which studies the macroeconomic impact of environmental and financial risks on consumption choices in the Mediterranean Region. The analysis is carried out using time series aggregate data for fourteen Mediterranean countries over the period 1965-2008. Our results indicate that both risks and their interaction significantly influence consumption dynamics. Our estimates of the indexes of relative risk aversion and relative prudence, as well as the relative preference for the quality of environment suggest marked cross-country heterogeneity.
Introduction
As documented by a wide body of literature, uncertainty on environmental conditions and environmental risk are very important factors affecting the dynamics of several key macroeconomic variables.
From a growth theory perspective, Heal (1984) and Keeler et al. (2004) analyze the effects of uncertainty on future productivity changes due to pollution, while Soretz (2007) studies the impacts on output of uncertainty on the quality of environment. Ulph & Ulph (1997) and Pindyck (2000 and 2002) examine the optimal timing for environmental policies in a real option framework. In this paper we use a micro-founded model to investigate the macroeconomic effects of environmental risk, considered together with financial risk, in consumption and saving in countries in the Mediterranean area. With respect to the previous literature, the novelties of our paper are threefold.
First, the subject of our empirical analysis is countries which share a common and extremely interesting geographical location. In this respect, our paper is new, since it deals with fourteen Mediterranean (MED) countries (Albania, Algeria, Croatia, Cyprus, Greece, Egypt, Israel, Lebanon, Malta, Morocco, Portugal, Slovenia, Tunisia, Turkey) during the period 1965-2008. We deliberately exclude France, Italy and Spain from the group of analyzed countries, since they are likely to be characterized by a degree of environmental awareness significantly different from the other MED countries. Moreover, we believe that focus on the selected countries, especially the less advanced ones, is more interesting and informative, given the process of economic and cultural modernization which many are currently experiencing. Finally, our choice contributes to the innovative nature of this study, since, to the best of our knowledge, few papers in the empirical literature on environmental economics specifically deal with these countries, and none of them tackles the issue of investigating the impacts of environmental risk on consumption for these economies.
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Beside their geographical proximity, the MED countries are characterized by a long history of cooperation on environmental conservation initiatives (Kagiannas et al., 2003; Gürlük, 2009 Second, our paper provides readers with fresh empirical evidence on the indexes of relative risk aversion and relative prudence, and on the relative preference for the quality of environment for each MED country. Such measures of countries general attitude towards the environment are particularly relevant for the MED economies, since they are strongly heterogeneous in terms of economic development, social and cultural features and environmental conditions. Moreover, a significant number of the major MED countries are currently experiencing profound economic and social instabilities, which will probably renew interest in how different sources of uncertainty impact on economic choices. Therefore, an assessment of the country-specific attitude towards environmental risk, coupled with a quantification of a country's relative preference for the quality of environment, conveys crucial information which should be at the basis of any attempt to understand the differences across countries in the MED region, and any attempt to implement policy and environmental reforms in individual countries.
Third, our approach is radically different from virtually all the studies published so far on environmental and energy economics issues related to the MED region. Our paper for example is innovative compared to more traditional studies which examine the potential of international projects in the MED area (see, among others, Kagiannas et al. The paper is organized as follows. Section 2 illustrates the theoretical model and its econometric specification. The dataset is described in Section 3. Section 4 discusses the main empirical results. The indexes of relative risk aversion and of relative prudence, together with the relative preference for the quality of environment, are presented for each country in Section 5. Section 6 concludes.
The Theoretical Model and the Estimated Equations
We describe consumer's preferences at time t in a multiperiod framework, using a twoargument utility function U (C t , E t ), where C t is consumption and E t is the environment quality level. We assume that the level of E t is given for the agent (see Smulders & Gradus, 1996 and Ayong Le Kama & Schubert, 2004). We also assume that U (C t , E t ) is increasing and concave with respect to each of its arguments, that is:
Similarly, we define the third derivatives of the utility function as:
Conditions U cc (C t , E t ) < 0 and U ee (C t , E t ) < 0 are particularly important, since they indicate aversion toward risk on consumption and aversion toward risk on the quality of the environment, respectively.
We then extend the univariate framework of Carroll (1992 Carroll ( , 1997 ) by means of the bivariate intertemporal consumption model:
where Y is income, W is net wealth, r is the constant interest rate, R = 1 + r is the interest factor, δ is the subjective intertemporal discount rate, and β = 1/(1 + δ) is the subjective intertemporal discount factor.
Problem (1) is solved by maximizing the Lagrangian:
The first-order conditions are:
Combining first-order conditions (2) and (3), we obtain Euler's equation:
Following Dynan (1993), we substitute a second-order Taylor approximation of U c (C t , E t ) into the left-hand side of condition (5), obtaining the condition:
The environmental quality level E t is difficult to measure directly. In the environmental literature, CO 2 emissions are generally considered as an appropriate proxy of environmental quality (see, among others, Given Specification (7) and since E t = P −1 t , risk aversion towards the environmental quality requires:
Using Specification (7), Equation (6) can be re-written as:
where
From Conditions (11) and (12), we obtain that:
and
Moreover, combining Equation (14) with Equation (15), Condition (11) can be re-written as:
and, similarly, from Equations (11), (13) and (14), we obtain that:
It is worth noting that Coefficient α 1 introduces the direct effect of pollution on consumption choices, while Coefficient α 2 indicates the effect on consumption of financial risk. Coefficient α 3 shows the influence on consumption of uncertainty about environmental conditions, while the covariance between the two risks, related to Coefficient α 4 , describes the interaction between environmental risk and financial risk. Note that our assumptions have implications for the signs of these parameters. In particular, the assumption γ > 0 ensures α 2 > 0, while condition (8) implies that α 4 < 1.
On the other hand, our theoretical model does not impose any priori assumptions about the sign of the Coefficients α 1 and α 3 . In order to have some theoretical indications about the sign of the Coefficient α 3 , it is necessary to introduce an additional condition which is specifically related to the utility function specified by Equation (7) . In this respect, our model assumes aversion towards uncertainty on environmental quality (U ee < 0), while Equation (7) introduces an indirect measure of the environmental quality E t based on pollution P t . Since the relationship between E t and P t is decreasing, although not linear, by assumption, U ee < 0 does not guarantee that U pp < 0. Therefore, an additional condition, which indicates aversion toward uncertainty on the level of pollution, is required:
Condition (19) implies α 3 > 0. In other words, by introducing the assumption of aversion toward uncertainty on the level of pollution, we obtain a sign restriction on α 3 , which must be positive.
The Data
Two different kinds of uncertainty are considered in Equation (9): an environmental risk, measured by the variance of the pollution rate of growth (V ARP t ), and a financial risk, similarly computed as the variance of consumption growth (V ARC t ). Following Dynan The variables considered in our analysis are annual aggregate per capita CO 2 emissions (metrics tons) and annual aggregate per capita consumption (i.e. aggregate household final consumption expenditure, measured in constant 2000 USD). Data are collected from the World Bank Development Indicators (2013). In the empirical analysis, c t , p t and y t are the logarithmic transformation of consumption, CO 2 emissions and GDP, respectively. C t , P t and Y t indicate the first differences of c t , p t and y t , that is the growth rates of consumption, CO 2 emissions and GDP, respectively. The variance of C t and the variance of P t are labeled as V ARC t and V ARP t , while COV CP t is the covariance between C t and P t . Finally, COV Y P t and V ARY t are the covariance between P t and Y t and the variance of Y t . The variance of Y t is computed following the same procedure used for calculating V ARC t and V ARP t . Table 1 about here The data descriptive statistic are summarized in Table 1 . Albania is the only country with an average negative consumption rate of growth (-0.44 per cent). Algeria and Lebanon show the lowest consumption growth rates (0.32 per cent and 0.26 per cent respectively). On the other hand, C t is on average particularly high in HI countries, especially Cyprus (2.18 per cent), Malta (1.85 per cent) and Slovenia (1.80 per cent). Similarly, Malta, Croatia and Slovenia are the countries with the highest GDP growth rate (1.92 per cent, 1.86 per cent and 1.77 per cent respectively), while Algeria, Albania and Morocco exhibit the lowest level of GDP rate of growth (0.48 per cent, 0.82 per cent and 0.89 per cent respectively). With regard to variable P t , Israel is the only country with a sizable, negative pollution growth rate (-2.14 per cent) in the period spanned by our data. The growth rate of pollution is also particularly low in Lebanon and Albania (0.25 per cent and 0.60 per cent). The highest increment in pollution are recorded in Greece and in all the African-MED countries.
The correlation coefficients among the eight variables analyzed for each country show the existence of a positive correlation between C t and V ARC t , with the exception of Albania, Croatia and Greece for the Euro-MED countries, Israel for the Euro-Asian-MED countries, and Algeria and Morocco among the African-MED countries. Similarly, the correlation between C t and V ARP t is positive, with the exception of Malta and Portugal among the European-MED countries and Egypt, Morocco and Tunisia among the African-MED countries. Finally, the KPSS unit-root test statistic (Kwiatkowski et al. 1992) indicates the presence of a unit-root (i.e. non-stationary behavior) for consumption, pollution and GDP in all countries, with the exception of p t and y t in Albania and of c t in Lebanon. 3 
Empirical Results
The estimated version of Equation (9) is:
12,616USD. 3 In order to save space, the correlation matrices and the KPSS unit-root test statistics are available from the authors on request.
where the non-linear relations (17) and (18) are imposed on the parameters α 1 , α 2 , α 3 and α 4 . In order to take into account problems related to endogeneity, possible biases due to omitted variables and measurement errors which potentially affect CO 2 emission and consumption data (as noted by Carroll, 1997), Equation (20) Tables 2, 3 and 4 indicates that the null hypothesis of valid over-identifying restrictions is not rejected in all countries, while residual autocorrelation and heteroskedasticity do not in general affect the estimated equations. 4 The null hypothesis of residual normal distribution is not rejected by the Jarque-Bera test in most of the countries, with Malta, Portugal and Cyprus as the only exceptions among Euro-MED and Euro-Asian MED countries, and Egypt and Morocco among African-MED countries.
Coefficient α 2 analyzes the effects of financial risk on consumption and saving choices. In line with economic theory, we find that this coefficient is always positive and highly statistically significant (at 1 or 5 per cent significance level) in all the three groups of countries, with the sole exception of Morocco. This result validates the hypothesis that financial risk raises precautionary saving in a context where environmental risk is also considered.
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Coefficient α 3 captures the direct effect of environmental risk on consumption and saving. This parameter is positive, as expected, and statistically significant in half the Euro-MED countries (Croatia, Portugal and Slovenia) and Euro-Asian-MED countries 4 There are specific cases of serial correlation and heteroskedasticity in the residuals in Algeria, Cyprus, Greece, Malta and Portugal. Albania and Egypt show some serial correlation problems in the error term, while heterosckedasticity affects estimation results for Egypt, Morocco and Tunisia. Carroll (1992) states that the presence of serial correlation supports the buffer stock saving hypothesis. 5 Traditional literature does not consider environmental risk explicitly, whereas the precautionary saving hypothesis is only indirectly identified with the introduction of the saving rate as the dependent variable in the estimated equations, instead of the consumption rate of growth (see for example Hahm & Steigerwald, 1999 and Menegatti, 2007 . Different reasons, such as alternative assumptions about the utility function, which may not be a CRRA, consumer impatience (Carroll, 1992) and gradual adjustment of saving or changes in the degree of income uncertainty, have been put forward to justify the traditional approach.
(Cyprus and Israel). Conversely, α 3 is not significant in three out of four of the African-MED countries, and actually negative in the case of Tunisia. These results indicate that a direct effect of environmental risk on consumption appears in our data, although the effect clearly emerges only in a subgroup of Euro-MED and Euro-Asian-MED countries, and is not as clear in the African-MED countries.
Coefficient α 4 is related to the covariance between environmental and financial risks. It is highly significant and less than 1 in almost all the countries analyzed, as required by the theoretical constraint of our model. 6 This result shows that the interaction between financial and environmental risks is relevant in determining consumption growth. This conclusion, together with previous findings on coefficient α 3 , suggests that the influence of environmental risk on consumption is more indirect, i.e. through its interaction with financial risk, than direct.
Our model does not predetermine the sign of coefficient α 1 . In general, the results indicate that pollution influences consumption choices. Specifically, environmental degradation tends either to reinforce consumption (α 1 positive and statistically significant) in the case of the Euro-MED countries (Albania and Malta are the exceptions), or to counteract consumption (α 1 negative and statistically significant) in the case of the Euro-Asian MED countries (Turkey is the only exception). A less clear conclusion can be drawn for the African countries, where coefficient α 1 is not significant in three cases out of four, with the only exception of Tunisia.
To conclude, we find that all the coefficients have the expected sign in Croatia, Portugal and Slovenia among the Euro-MED countries, and in Cyprus and Israel among the Euro-Asian MED countries. Promising results are also obtained in the case of Greece, Turkey and Tunisia. The African-MED countries are generally characterized by less clear-cut evidence: the variables which proxy financial risk and the interaction between environmental and financial risks (whose coefficients are α 2 > 0 and α 4 < 1, respectively) exhibit the expected marginal effects on consumption (with the only exception of Morocco), while the evidence of the influence of environmental risk on consumption (measured by coefficient α 3 ) is less robust.
Estimates of Risk Aversion and Prudence
The results shown in Tables 2, 3 and 4 allow us to derive estimates for the parameters γ and φ in the utility function (7). Table 5 reports the estimated parameters γ and φ, together with the indexes of partial relative risk aversion and partial relative prudence for the three groups of countries. The two indexes directly depend on the magnitude of the parameter γ, since they equal to − UccCt Uc = γ and − UcccCt Ucc = 1 + γ, respectively. According to Gollier (2003) , if the utility function is a CRRA, plausible values of the relative risk aversion index (and, consequently, of γ) vary from 1 to 4. Table 5 about here In general, we find that the presence of two sources of uncertainty provides reasonable estimates for the parameter γ. Our results confirm the conclusions reached by Baiardi et al. (2013) , who interpret the omission of relevant sources of uncertainty, such as environmental risk, as the main cause of the implausible estimates of the relative risk aversion index based on financial risk only (Dynan, 1993) .
More specifically, we find that the parameter γ varies from 0.94 to 2.31 among the Euro-MED countries. The most risk averse countries in this group are Croatia (2.31) and Greece (2.28), while the less risk averse are Portugal and Malta, where the parameter is fairly low, but not significantly different from 1 (0.94 and 0.98 respectively).
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The Euro-Asian MED countries show the highest variability in this parameter, which assumes values ranging from 0.78 to 2.85. In this group Lebanon and Turkey are the most risk-averse countries (2.85 and 2.11 respectively), while Cyprus is the least risk averse country (0.78). The estimated parameter obtained for Israel is too high, at least according to the literature.
Focusing on the African-MED countries, we note that Egypt is the only country with plausible value of the parameter γ, which is equal to 3.03. For Algeria and Tunisia, γ is positive as expected, but shows values which are too low, and inconsistent with the theoretical indications provided by Gollier (2003) . In the case of Morocco, this parameter is actually negative. These results may be due to certain characteristics of these countries. In particular, the literature shows the significant role which may be played in these countries by additional kinds of uncertainty, such as political risk (See, among the others, Al Khattab et al., 2008; Komendantova et al., 2012). Furthermore, our results may be influenced by personal remittances, which are a significant source of funds in North Africa (World Bank Development Indicators, 2013). 8 When personal remittances are high, consumption choices may be affected by the variability of income in foreign countries, and not only by the variance of domestic income.
Considering all the MED countries together, our estimates imply that Egypt is the most risk-averse country (3.03), followed by Lebanon (2.85), Croatia (2.31) and Greece (2.28). The least risk averse countries are Cyprus, Portugal and Malta (0.78, 0.94 and 0.98, respectively). Excluding the implausible estimates obtained for Israel among the EuroAsian MED group and for African-MED countries (as already noted, Egypt is the only exception), we find that Euro-MED countries are less risk averse (relative risk aversion is on average equal to 1.60) than Euro-Asian MED countries (γ, on average, is equal to 1.91). Moreover, given that the relative prudence index is equal to γ + 1, the estimates for this index are between 1.78 and 4.03. These results suggest a stronger precautionary saving motive in Egypt, Lebanon, Greece, Croatia and Turkey, an intermediate motivation level for Albania and Slovenia, and the weakest motivation in Cyprus, Portugal and Malta.
Finally, Table 5 proposes the estimates of parameter φ, which, according to Ayong Le Kama & Schubert (2004), measures the relative preference of agents for environmental quality. As expected, this parameter shows positive values. Israel, Lebanon and Tunisia are the only exceptions, since this parameter is negative, although very close to zero. If we exclude countries with a negative value of φ, the Euro-MED and the Euro-Asian MED groups prove to be environmentally aware (with preference towards the environment, on average, equal to 2.21 and 2.26, respectively). The opposite holds for African-MED countries, where φ is near to zero. This confirms the low level of attention given to the environmental conservation in the African-MED region identified by other papers This conclusion may also explain the low effect of environmental risk on consumption measured by the parameter α 3 , as discussed in the previous section.
Conclusions
This paper investigated the effects of environmental and financial risks on consumption dynamics in the MED area. In particular, we analyzed fourteen countries (Albania, Algeria, Croatia, Cyprus, Egypt, Greece, Israel, Lebanon, Malta, Morocco, Portugal, Slovenia, Tunisia and Turkey) over the period .
Our results show a positive and statistically significant influence of financial risk on the growth rate of consumption in all countries, with Morocco as the only exception. Our estimates confirm the key role of the interaction between environmental and financial risks on consumption. We also find evidence of a direct influence of environmental risk on consumption choices, although the results are less clear-cut when considering the less developed MED economies.
We estimated some indexes of agent's attitude toward risks, such as the relative risk aversion and the relative prudence indexes, and an index measuring the relative preference towards the quality of environment. The results indicate that Euro-MED are the least risk averse countries, while the most risk averse are Euro-Asian MED countries. Moreover, both groups of countries show a great attention to the level of environmental quality.
On the other hand, very low values are obtained in the African-MED subregion for both the relative risk aversion and the relative prudence indexes, as well as for the relative preference toward environmental quality. We argue that a possible explanation for these findings may be related to the presence of additional important sources of uncertainty in the North-African MED area, and to the role of remittances. The introduction of these effects into our theoretical model is on our future research agenda. Notes: All variables are expressed in log-differences; asymptotic standard errors are reported in brackets; A *(**)[***] indicates significance at 10(5) [1] per cent level; a Wald test supports the conclusion that the coefficient α 4 is smaller than one, as imposed by the theoretical restriction of the model; the J-statistic tests the validity of the over-identifying restrictions when the number of instruments is larger than the number of estimated parameters; the Q-Statistic at lag k tests the null hypothesis of no residual serial correlation up to order k, k = 1, ..., 10; to save space, the Q-statistic and the corresponding p-value reported in the table are for k = 1; the White statistic is a test of the null hypothesis of no heteroskedasticity against heteroskedasticity of some unknown general form; the Jarque-Bera statistic tests the null hypothesis that the standardized residuals are normally distributed; the estimated coefficient covariance matrix is weighted with Kernel Bartlett Bandwidth Fixed without prewhitening for Albania and Croatia and with Kernel Bartlett Bandwidth Fixed with prewhitening for Portugal; Kernel Quadratic Bandwidth Andrews (with prewhitening) and Kernel Bartlett Bandwidth Andrews (without prewhitening) are used for Greece and Slovenia respectively; Instruments (I) for each country are: Albania I=[constant, 
